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1.0 INTRODUCTION  
 
Shoulder dystocia is described as the failure of delivery of the fetal shoulders after delivery of 
the fetal head (1-6). Shoulder dystocia can be a dramatic event; the phrase “the nightmare of 
the obstetrician” is often used to describe the severity of this emergency obstetric situation (4, 
7). The need for resolute action to avoid a potential fatal outcome for the offspring underlines 
the drama. Knowledge of the risk factors for shoulder dystocia is necessary in order to prevent 
and accurately manage the condition.  
 
 
 
 
 
Figure 1. Shoulder dystocia. Used with permission © Nucleus Media 2013 
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1.1 What is shoulder dystocia? 
The mechanism of normal delivery  
To understand the mechanisms of shoulder dystocia, it is necessary to understand the 
mechanisms of a normal delivery. A normal vaginal delivery depends on the interplay 
between the pelvis, the uterine contractions and the fetus (8). Because of the anatomy of the 
human maternal pelvis, the fetal head needs to change positions while descending through the 
birth canal (Figure 2).  
  
 
 
 
Figure 2. The human maternal pelvis viewed from below. Used with permission © K. C 
Toverud CMI 2013 
 
These adjustments of the fetal head through the birth canal, are called the cardinal movements 
(1): Flexion: The fetal head flexes so that the fetal chin is brought down towards the fetal 
thorax and ensures that the shortest diameter of the fetal head passes through the pelvic inlet 
in the most favorably way. Internal rotation: The fetal head gradually turns so that the occiput 
moves towards the maternal symphysis pubis anteriorly or less commonly, posteriorly 
towards the sacrum. Extension: The head reaches the pelvic outlet and undergoes extension 
during the expulsion of the head through the vulvar opening. The fetal head has now turned 
90 degrees towards the occiput anterior (or posterior) position by the time it reaches the 
outlet. As the planes of the pelvic inlet and outlet are skew rather than parallel, the path 
between the inlet and the outlet has a curved architecture rather than a straight one. External 
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rotation: The delivered head next undergoes restitution, and the occiput turns toward either 
the left or the right maternal tuberosity.  
 
The fetal shoulder normally passes through the oblique dimension of the pelvis inlet and the 
anterior shoulder can thereafter slide underneath the maternal symphysis (Figure 3). The 
shoulders follow while the head has completed its external rotation. Normally, at this point 
the shoulders have already moved through the pelvic inlet and passes through the birth canal 
during the delivery process. The shoulders thereafter pass the pelvic outlet and the vulvar 
opening in an adducted, oblique position. All of these movements normally take place during 
uterine contractions.  
 
 
 
Figure 3. Normal delivery. The shoulders pass through the oblique dimension of the pelvic 
inlet. Used with permission © K. C Toverud CMI 2013 
 
 
 
 
 
 
 
 14 
Pathophysiology of shoulder dystocia 
Shoulder dystocia can be characterized as a delayed or difficult delivery of the fetal shoulders 
following the delivery of the fetal head (9-11). Shoulder dystocia may occur when the fetal 
shoulders do not pass through the oblique dimension of the pelvic inlet, which is the most 
favorable, but instead pass through the anterior-posterior dimension, which is smaller (2) 
(Figure 2). If the shoulders enter the pelvic inlet through the anterior-posterior dimension this 
may cause impaction of the anterior shoulder above the symphysis. Impaction of the posterior 
shoulder on the sacral promontory can also happen, but is probably rarer (1). The result of 
both anterior and posterior impaction is a mechanical obstruction caused by a discrepancy in 
the size of the pelvic inlet and the fetal shoulders. This impaction of the anterior, the posterior 
or both shoulders above the pelvic inlet causes shoulder dystocia (2, 4).  
 
There may be a number of explanations why shoulder dystocia occurs. Some authors have 
postulated that natural rotation is prevented when friction between the fetus and the vaginal 
walls is increased, therefore forcing the shoulders to pass through the anterior-posterior 
dimension of the pelvic inlet, resulting in shoulder dystocia (2). Theoretically, the lack of 
sufficient rotation of the shoulders may also happen when the delivery process is enforced or 
when the delivery process goes particularly fast. Soft tissue obstruction of the fetal shoulders 
may be another mechanism that can lead to difficult delivery of the fetal shoulders.  
 
Diagnostic criteria for shoulder dystocia  
Shoulder dystocia is described as a delayed or difficult delivery of the fetal shoulders after the 
delivery of the fetal head, still the diagnosis of shoulder dystocia remains based on the 
subjective recognition of the condition by the birth attendant.  
 
There is a lack of uniform diagnostic criteria for shoulder dystocia. Some authors regard any 
general difficulties in extracting the shoulders after the delivery of the head as shoulder 
dystocia (10, 11). Others argue the diagnosis should only be made when the normal gentle 
downward traction of the fetal head does not result in the delivery of the shoulders, and the 
clinical situation requires additional obstetric maneuvers (7, 12-16). Retraction of the fetal 
head towards the vagina may be present in shoulder dystocia, and is considered a clinical sign 
of the condition, commonly called the “turtle sign”.  
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Some authors have advocated for more objective, time-based criteria for the diagnosis of 
shoulder dystocia. A study by Spong et al, published in 1995 included 250 unselected 
deliveries, and the head-to-body delivery intervals were timed (17). The mean head-to-body 
delivery interval for normal deliveries was 24 seconds compared to 79 seconds in deliveries 
that was diagnosed with shoulder dystocia. The authors proposed that a head-to-body delivery 
interval of more than 60 seconds should define the diagnoses of shoulder dystocia. Beal et al 
later validated this timing criteria (18). However, this criterion for shoulder dystocia based on 
head-to-body delivery interval has been criticized (19). To illustrate: a pause between the 
uterine contractions after the delivery of the fetal head may result in a delayed delivery of the 
shoulders. Is such a situation a shoulder dystocia? If the birth attendant, in this situation, 
chooses to enforce the delivery of the shoulders to reduce the head-to-body delivery interval, 
by performing a hard traction of the fetal head downwards or by using additional maneuvers 
to deliver the shoulders, the delivery may be experienced as difficult and thus fulfill one of the 
suggested criteria of shoulder dystocia. However, in doing this, the birth attendant might 
cause an “iatrogenic” difficult delivery of the shoulders, and the forceful traction of the head 
may cause offspring morbidity (20). On the other hand, in such a situation, many obstetricians 
and midwifes will argue that instead of urging the delivery of the shoulders, it is best to wait 
for a new contraction to deliver the shoulders and body (19). This latter approach is 
commonly called “the two step approach” (21). If “the two step approach” is followed, the 
interval between the delivery of the head and the delivery of the whole body (head-to-body 
delivery interval) may be longer than 60 seconds. This situation may be regarded as a 
shoulder dystocia by the “time-based” criterion, but it is questionable if this situation should 
be reported as a “true” shoulder dystocia. 
 
1.2 History  
Shoulder dystocia is a dramatic obstetric situation which has been described in the medical 
literature for more than three centuries. An early written description of shoulder dystocia is 
from 1652, in a thesis by Bourgeois (22). Other historic descriptions were made by De la Mott 
in and by Smellie (23, 24). The latter is a case report of a dramatic obstetric situation. Smellie 
writes: “…a sudden call to a gentlewoman in labor. The child’s head delivered a long time- 
but even with hard pulling from the midwife, the remarkably large shoulder prevented 
delivery. I have been called by midwifes to many cases of this kind, in which the child was 
frequently lost” (24) .  
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Jean Marie Jacquemer (1806-1879) was a pioneer in the history of shoulder dystocia (23). In 
1848 he had to deal with a case of the condition. After one hour he managed to deliver the 
child, who weighed 5500 grams. Apparently the child recovered and survived. He described a 
series of maneuvers that he performed in an attempt to deliver the child, but eventually he 
performed an extraction of the posterior arm, which resolved the situation. In 1860, 
Jacquemer published a paper in the Gazette Hébdomadaire de Médicine et Chirurgie, in 
which he described the different techniques to resolve shoulder dystocia. This work was based 
on 26 observations described in literature at that time, and in Europe the maneuver of 
extracting the posterior arm was called the Jaquemer’s  maneuver after this giant in French 
obstetrics (23). However, in English scientific literature this maneuver was described by 
Barnum in a paper published in 1945, and is now commonly known as Barnum’s maneuver 
(25).  
 
In 1899, Bonneaire and Buè introduced a maneuver with hyperflexion of the maternal hips 
against the maternal abdomen to resolve shoulder dystocia (23). However, it was not until the 
early 1980s that this maneuver was rediscovered and named by Gonik et al as the McRobert’s 
maneuver (26). Apparently this maneuver was demonstrated and used at the University of 
Texas Medical School by Dr William A. McRoberts, Jr.  
 
Another classical work was done by Woods and Westbury. In 1942, at the Obstetrics and 
Gynecology meeting of the New York Academy of Medicine, they presented a principle of 
physics in resolving shoulder dystocia (27). They demonstrated how to release the impacted 
anterior shoulder by progressively rotating the posterior shoulder 180 degrees in a corkscrew 
fashion. This work was published in 1943 and the maneuver is commonly known as the 
Wood’s corkscrew maneuver.  
 
The highly regarded Norwegian obstetrician Jørgen Løvset (1896-1981) was engaged in many 
fields of the obstetric profession, and management of shoulder dystocia was among them. In 
his classic text books “Lærebok i obstetrikk for jordmødre”, first published in 1959 and 
“Vaginal operative delivery”, first published in 1968, he describes a maneuver to resolve 
shoulder dystocia by hooking one or two fingers into the fetal axillary fold and perform a 
rotation (28, 29). This procedure is still in use in Norway, and is at many maternity wards 
regarded as the first choice for resolving shoulder dystocia.  
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1.3 Occurrence  
Table 1 presents the reported occurrence of shoulder dystocia in different studies. As shown 
in the table, the reported occurrence of shoulder dystocia varies considerably across studies: 
from 0.13% to 13.7% of all vaginal deliveries (Table 1). 
This variation may have different explanations: 
1) The definitions of shoulder dystocia used in the different studies may vary.  
2) The reporting routines may vary.  
3) The selection of the study samples may vary. 
4) The estimated occurrence of shoulder dystocia may be uncertain due to lack of 
statistical power.  
5) There may be differences in the use of cesarean delivery among women with high risk 
of shoulder dystocia and shoulder dystocia occurs in vaginal deliveries only.  
6) There may be a true difference in the occurrence of shoulder dystocia.
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1.4 Complications  
Shoulder dystocia is associated with an increased risk of maternal morbidity and an 
increased risk of offspring morbidity and mortality. 
 
Maternal complications 
Soft tissue injuries, including third- and fourth-degree tearing of the sphincter ani muscle 
and vaginal lacerations, are the most common maternal complications in deliveries with 
shoulder dystocia (4, 47). Excess postpartum hemorrhage due to soft tissue tearing or to 
uterine atony may also occur. It is reported that among deliveries with shoulder dystocia, 
11% of women experienced excess postpartum hemorrhage (>500 ml), and up to 4% 
experienced a fourth-degree lacerations of the sphincter ani muscle (14, 48, 49). Serious 
maternal complications, such as symphysis diathesis and uterine rupture, have also been 
reported (50). It is unclear if these maternal complications are due to the management of 
shoulder dystocia, or to the condition itself.  
 
Offspring complications 
Serious complications for the offspring can occur as a consequence of shoulder dystocia or 
its management, including death (2, 19, 49, 51, 52).  
 
Brachial plexus palsy 
The brachial plexus is the major nerve network supplying the upper limb. Palsy in the 
limbs caused by injury of the brachial plexus is one of the most common serious offspring 
complications of shoulder dystocia and is reported to occur in 3.3% to 32% of all cases (2, 
15, 31, 32, 39, 53-57). The mechanism behind brachial plexus palsy is overstretching of 
the nerves in the brachial plexus. The overstretching may be caused by the delivery itself, 
or it may be due to hard exogenous traction of the fetal head downwards during the 
management of shoulder dystocia (34, 51, 58-60). The injury may be localized to the upper 
part of the plexus (erb’s palsy), or to the lower part. Erb’s palsy is a result of injury to the 
spinal nerves C5-C6, and sometimes C7. This injury causes a hanging of the upper limb 
that may extend to the elbow. If also the spinal nerves C7-T1 are involved, the injury will 
also include palsy of the hand, causing a clawhand deformity (1). The majority of the 
offspring diagnosed with brachial plexus palsy will recover within 3 months of birth, but 
about 10% will suffer from permanent palsy (14, 15, 31, 61, 62). It has been reported that 
up to half of the infants with brachial plexus palsy had births without the occurrence of 
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shoulder dystocia (12, 14, 15) Interestingly, the occurrence of brachial plexus palsy varies 
between countries: 1.3/1000 live born infants in the USA and Sweden, but only 0.4/1000 
live born infants in the United Kingdom and Ireland are reported to have brachial plexus 
palsy (57, 63, 64).   
 
Fractures  
Fractures of the offspring’s humerus or clavicle may also occur (39). Gherman et al (1998) 
found that 9.5% of shoulder dystocia cases were complicated with fractures of the clavicle, 
and 4.2% were complicated with fractures of the humerus (15). Again, it is not clear 
whether these complications occur as a result of the management of shoulder dystocia or of 
the condition itself.  
 
Cerebral hypoxia 
Shoulder dystocia may cause asphyxia leading to hypoxic ischemic encephalopathy, which 
may cause permanent brain damage and even offspring death (15, 38, 52). The determining 
factor of the development of birth asphyxia is the head-to-body delivery interval (65, 66). 
However, the underlying pathophysiological mechanisms of hypoxic ischemic 
encephalopathy in deliveries with shoulder dystocia are still unclear. Two possible 
mechanisms have been suggested: 
a) Compression of the umbilical cord between the vaginal wall and the offspring. 
b) Compression of the offspring’s carotid vessels caused by the compression of the 
offspring’s neck against the maternal perineum. 
Shortly after a delivery complicated with shoulder dystocia, it is recommended to perform 
a clinical judgment of the offspring including an Apgar scoring and also a measurement of 
the umbilical cord arterial pH and base excess (67). The latter is regarded as a 
measurement of the offspring’s central acidosis. Wood et al performed an often-cited study 
published in 1973, which reported that the decline in umbilical artery pH was as fast as 
0.14 per minute of head-to-body delivery interval (68). Such rapid decline in umbilical 
artery pH indicates that fetal asphyxia can develop quickly when there is a delayed 
delivery of the shoulders. This study has been used to argue for an enforced delivery of the 
shoulders after the delivery of the head. However, this study has been criticized due to the 
limited study sample (22 cases only) and the fact that none of the deliveries were affected 
by shoulder dystocia (38).  
 22 
 
Leung et al performed a study published in 2010 including 200 shoulder dystocia cases and 
found that the umbilical arterial pH declined at a rate of only 0.011 per minute of head-to-
body delivery interval (65). They concluded that the risk of acidosis, determined by 
measuring umbilical arterial pH, is very low when the head-to-body delivery interval does 
not exceed 5 minutes.  
 
If asphyxia due to shoulder dystocia is caused by the compression of the umbilical cord 
between the vaginal wall and the offspring, a positive correlation between the degree of 
umbilical artery acidosis and the risk of developing hypoxic ischemic encephalopathy 
would be expected. However, there are reported cases of severe morbidity caused by 
shoulder dystocia even when umbilical arterial pH does not indicate acidosis (65).This 
might suggest that the most likely explanation of hypoxic ischemic encephalopathy due to 
shoulder dystocia is the compression of the offspring’s carotid vessels. This compression 
may affect not only the supply of oxygenated blood to the brain (the arteries), but also 
reduce the ability to eliminate the products of anaerobic metabolism (the veins). 
Consequently, umbilical arterial pH may not always reflect the degree of cerebral hypoxia 
(65). When shoulder dystocia occurs during delivery, a clinical judgment including an 
Apgar score might be a more adequate indicator of cerebral hypoxia.  
 
Regardless of the different theories of pathophysiology, the critical time interval before 
shoulder dystocia causes offspring morbidity or mortality due to cerebral hypoxia has yet 
to be determined. However, studies have suggested that if the head-to-body delivery 
interval is less than 5 minutes the risk of hypoxic ischemic encephalopathy is very low 
(69).  
 
1.5 Management  
Management of mothers at risk for shoulder dystocia 
Shoulder dystocia is regarded as an unpreventable situation (70). However, conditions 
associated with some of the risk factors for shoulder dystocia may be preventable.  
 
High maternal body mass index (BMI), extensive weight gain during pregnancy and 
maternal diabetes, including gestational diabetes, are factors associated with a high 
offspring birthweight, and high offspring birthweight is associated with increased risk of 
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shoulder dystocia (chapter 1.6).A large meta-analysis on the effect of intervention (dietary 
interventions, lifestyle interventions based on physical activity, or both) on adverse 
obstetric outcomes, among others shoulder dystocia, was published in 2012 (71). Four of 
the total of 44 trials studied the effect on shoulder dystocia (n= 2317 women) (72-75). In a 
meta-analyses of these four studies, the overall risk of shoulder dystocia was reduced by 
61% in the intervention group as compared to the control group (relative risk (RR) 0.39, 
95% confidence interval (CI) 0.22-0.70; p=0.002). Dietary interventions were associated 
with greater reduction in maternal weight gain and occurrence of diabetes as compared to 
lifestyle intervention based on physical activity or a mixed approach. Also, the results 
suggested that overweight and obese women benefitted from these interventions more than 
normal-weight women. The beneficiary effect of the intervention on the risk of shoulder 
dystocia may be a result of a reduced occurrence of high offspring birthweight and reduced 
occurrence of gestational diabetes in the intervention group.  
 
A meta-analysis of effects of treatment in women with gestational diabetes was published 
in 2010 (76). Five randomized controlled trials were included, in which intervention 
consisted of lowering blood glucose, either alone, or in combination with specialized 
antenatal care. Two out of five trials reported on shoulder dystocia (72, 73). In women with 
gestational diabetes receiving specialized antenatal care during pregnancy, shoulder 
dystocia was significantly less common (odds ratio, OR 0.40, 95% CI 0.21-0.75) compared 
to women with gestational diabetes not receiving specialized antenatal care.  
 
A Cochrane review published in 2001, assessed the effect of a policy of elective delivery, 
as compared to expectant management, in term pregnancies of diabetic women on the 
occurrence of shoulder dystocia, among other maternal and perinatal adverse outcomes 
(77). One trial only, was included in the review (78). This trial included 200 insulin-
requiring diabetic women, and compared induction of labor at 38 completed weeks of 
pregnancy to expectant management up to 42 completed weeks of pregnancy. The risk of 
macrosomia, defined as offspring birthweight of >4000 grams, was significantly reduced in 
the induction group (RR 0.56, 95% CI 0.32-0.98). Three deliveries with shoulder dystocia 
were reported in the expectant management group, as compared to no cases in the 
induction group. The difference was non significant (RR 0.14, 95%CI 0.01-1.73). The 
authors concluded that the limited number of women included in the study did not permit 
firm conclusions to be drawn.  
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Guidelines/recommendations to reduce the risk of shoulder dystocia in different countries 
x Guidelines from UK (2012) 
 Induction of labor of diabetic women at term with suspected development of large 
offspring is recommended. Induction of labor of non-diabetic women with estimated 
large offspring is not recommended (79-82). Elective cesarean delivery of diabetic 
mothers should be considered when the estimated offspring weight is 4500 grams or 
more (83).  
 http://www.rcog.org.uk/womens-health/clinical-guidance/shoulder-dystocia-green-top-
42  
 
x Guidelines from the USA (2002) 
 Elective induction of labor or elective cesarean delivery for all women suspected of 
carrying a fetus with macrosomia is not appropriate. Planned cesarean delivery to 
prevent shoulder dystocia may be considered for suspected fetal macrosomia with 
estimated fetal weights exceeding 5000 grams in women without diabetes and 4500 
grams in women with diabetes (6).  
 http://journals.lww.com/greenjournal/Abstract/2002/11000/ACOG_Practice_Bulletin_
No_40_Shoulder_Dystocia.42.aspx  
 
x Guidelines from Denmark (2007) 
 Elective cesarean delivery of diabetic mothers with an offspring with an estimated 
birthweight of more than 4500 grams may be considered.  
 http://dsog.dk/wp/guidelines-2/obstetrik  
 
x Guidelines from Norway (2013) 
 Elective cesarean delivery of diabetic mothers, carrying an offspring with estimated 
birthweight of more than 4500 grams may be considered.  Elective cesarean delivery of 
mothers with a previous occurrence of shoulder dystocia, carrying an offspring with 
estimated birthweight of more than 4500 grams, may be considered. Close follow-up 
and treatment of diabetic women is recommended. Induction of labor for non-diabetic 
women carrying large offspring is not recommended.  
 http://legeforeningen.no/Fagmed/Norsk-gynekologisk-forening/Veiledere.  
      Ahead of print, February 2014. 
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Management of shoulder dystocia 
Since shoulder dystocia is difficult to predict, clinicians must be prepared for this condition 
to occur during any vaginal delivery (33). It is recommended to be well prepared so that 
resolute and step-wise actions can be taken to resolve the problem as safely and effectively 
as possible without causing unnecessary harm or trauma (13, 84-87). A systematic 
approach and collaboration between colleagues are recommended in order to solve the 
emergency situation caused by shoulder dystocia properly. It is recommended that birth 
attendants at obstetrical departments undergo regular training in clinical management of 
shoulder dystocia (67, 88-91). Several studies have demonstrated improvement in the 
management of shoulder dystocia after training (88, 91, 92). The occurrence of adverse 
neonatal outcomes such as brachial plexus palsy also decreased significantly after such 
training (93, 94).  
 
Internationally there is considerable agreement regarding the management of shoulder 
dystocia (6, 67):  
 
Management of shoulder dystocia  
1. Call for additional help and assistance.  
2. Perform the McRoberts maneuver: A sharp flexion of the maternal thighs against the 
maternal abdomen. This will increase the functional diameter of the maternal pelvis and 
might resolve the situation (14, 16, 26, 59). 
3. Apply a suprapubic pressure on the fetal anterior shoulder from the dorsal side of the 
fetus. Such pressure may result in an adduction of the fetal shoulders, and at the same 
time the pressure may push the shoulders into a position which corresponds to the 
oblique dimension of the pelvis inlet.  
4. Perform a rotation of the shoulder to correspond to the oblique dimension of the pelvic 
inlet. To do this, the birth attendant has to gain access to the vagina to attempt to rotate 
the shoulders. Various manual maneuvers to rotate the shoulders via the vagina are 
described in the literature: the Rubin’s maneuver, the Wood’s screw maneuver or the 
Løvset’s delivery maneuver of the shoulders after the delivery of the head. (27, 28, 95).  
 However, no single maneuver has proven superior to the others (96, 97).  
5. Perform an extraction of the fetal posterior arm (the Barnum’s maneuver) (98).  
6. Avoid fundal pressure and active maternal pushing (32, 51).  
7. Avoid excessive downward traction of the offspring’s neck (20, 34, 59, 86, 99).  
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Episiotomy does not seem to resolve the problem of shoulder dystocia, but may be useful 
since it generates more space to undertake the above-mentioned obstetric maneuvers via 
the vagina (100, 101).  
 
Various other procedures to manage shoulder dystocia include: 
x Placing the mother on her hands and knees (All-fours technique or the Gaskin’s 
maneuver) (48, 102, 103).  
x Splitting the symphysis of the maternal pelvis to relive the obstructed fetal shoulder 
(50, 104). This maneuver is associated with high risk of maternal morbidity (105).  
x Replacement of the offspring’s head into the pelvis followed by a cesarean delivery 
(the Zavanelli maneuver) (106). Even though the success of this maneuver is reported 
to be high, it is likely that the reporting is biased, as a successful outcome is more 
likely to be reported than an unsuccessful outcome. The risk of maternal morbidity for 
this maneuver is also probably high (107, 108). In addition, at the stage at which this 
maneuver is considered, a large proportion of offspring is likely to have either 
irreversible hypoxia, or is already dead.  
 
These various other procedures listed above, are mainly described as case reports. For 
practical and ethical reasons it is close to impossible to study and compare the effects of 
the various procedures by randomized controlled studies.  
 
1.6 Known and potential risk factors for shoulder dystocia  
Some maternal, offspring and intrapartum factors have been identified as known or 
potential risk factors for shoulder dystocia. A risk factor is defined as a factor associated 
with an increased risk of the outcome (109).  
 
Maternal risk factors 
Diabetes mellitus 
Maternal diabetes, including diabetes type 1, type 2 and gestational diabetes increase the 
risk of shoulder dystocia. The risk is reported to increase by two- to six-fold as compared 
to non-diabetic pregnancies, independent of offspring birthweight (36, 45, 62, 110, 111). 
Offspring born to diabetic mothers tend to have a larger body circumference in relation to 
the head circumference compared to offspring born to non-diabetic mothers. Such body 
configuration may increase the risk of shoulder dystocia (7, 112-115). 
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 Obesity and excessive weight gain during pregnancy 
Maternal obesity and excessive weight gain during pregnancy increase the risk of having a 
high birthweight offspring. Since high offspring birthweight is strongly linked to shoulder 
dystocia, maternal obesity and excessive weight gain during pregnancy are therefore likely 
to increase the absolute risk of shoulder dystocia (116, 117). However, studies on maternal 
obesity as an independent risk factor show conflicting results. In 1998 Sama et al 
performed a case-control study that included 62 shoulder dystocia cases. They concluded 
that shoulder dystocia is associated with high maternal bodyweight. A year later, however, 
Gemer et al published a case-control study that did not find any association between 
maternal BMI and shoulder dystocia (118, 119). In 2003 Robinson et al published a case-
control study and the authors concluded that maternal obesity (>91 kg) was not an 
independent risk factor for shoulder dystocia after adjusting for confounding variables 
(120). Leung et al also suggested that, after adjustment for confounding factors such as 
birthweight, high maternal BMI was not associated with an increased risk of shoulder 
dystocia (121). Jensen et al published a large retrospective cohort study in 2003. They 
found a higher occurrence of high offspring birthweight in obese women, but obesity was 
not found to be an independent risk factor for shoulder dystocia (122). In 2004, Cedergren 
performed a prospective population-based cohort study on the risk of shoulder dystocia in 
3480 morbidly obese women (BMI >40 kg/m2) and 12 698 obese women (BMI of 35-40 
kg/m2) as compared to normal weight women (BMI 19.8-26 kg/m2) (123). The results 
suggested that maternal obesity, both morbid obesity and obesity, is associated with 
pregnancy complications such as shoulder dystocia. However, adjustment for offspring 
birthweight was not made. In 2012 Gilead et al published a population-based cohort study 
to compare the pregnancies of obese, defined as pre pregnancy BMI of 30 kg/m2 or higher, 
and non obese patients. They found no significant difference in the risk of shoulder 
dystocia among the obese and non obese patients (124).  
 
Thus, there are conflicting results in studies on the association of maternal obesity with 
shoulder dystocia, and some studies lack statistical power to detect true associations. In 
general maternal obesity seems to be associated with an increased risk of shoulder dystocia 
in crude analyses, but after adjustment for offspring birthweight, the results suggest that 
maternal obesity is not an independent risk factor for shoulder dystocia. 
 
Advanced maternal age 
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The occurrence of shoulder dystocia seems to increase with increasing maternal age. 
However, factors associated with high offspring birthweight like multiparity and high 
maternal BMI are more common among mothers giving birth at an advanced age (125-
129). Thus, the increased risk of shoulder dystocia in mothers at advanced age may have 
been confounded by multiparity and high maternal BMI. Also, the increased prevalence of 
diabetes in mothers at advanced age, may confound the positive association of maternal 
age and the occurrence of shoulder dystocia (7) 
 
Offspring risk factors 
High offspring birthweight 
Numerous studies have shown that high offspring birthweight is strongly associated with 
the risk of shoulder dystocia (Table 2). In fact, high offspring birthweight is regarded as a 
major risk factor for shoulder dystocia. However, only a few prior studies have had 
sufficient statistical power to investigate the association of very high birthweights with 
shoulder dystocia. An offspring weight of 4500 grams or more is commonly regarded as a 
macrosome offspring. However, although macrosome offspring are strongly associated 
with an increased risk of shoulder dystocia, the majority of deliveries of macrosome 
offspring are not affected by shoulder dystocia.  
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Intrapartum risk factors 
Labor abnormalities 
Potential risk factors for shoulder dystocia include labor abnormalities such as prolonged 
or precipitous labor. Labor abnormalities have been studied, but the estimated risks 
associated with shoulder dystocia are conflicting. Some studies have shown a higher 
occurrence of prolonged and precipitous labor among deliveries with shoulder dystocia 
compared to deliveries without shoulder dystocia, but others have found no association 
between prolonged labor and increased risk of shoulder dystocia (9, 16, 99, 118, 131, 140-
143). 
  
Operative vaginal delivery  
Operative vaginal delivery seems to be associated with shoulder dystocia. However, it is 
unclear if the operative delivery is an independent risk factor, or if it is the underlying 
condition that causes the operative delivery, that is associated with shoulder dystocia (9, 
16, 99, 142, 144, 145).  
 
Vacuum-assisted deliveries seem to have a higher risk of shoulder dystocia than forceps-
assisted deliveries. It is unclear if vacuum assistance is more often used in abnormal 
deliveries with a high risk of shoulder dystocia compared to forceps-assisted deliveries, or 
if vacuum assistance is stronger associated with shoulder dystocia than forceps assistance. 
However, in a randomized controlled study Bofill et al demonstrated a higher rate of 
shoulder dystocia in vacuum-assisted deliveries than in forceps-assisted deliveries (4.7% 
versus 1.9%) (146). 
 
A study by Benedetti and Gabbe published in 1978, concluded that the combination of a 
macrosome offspring, prolonged second stage of labor and a midpelvic operative delivery 
is associated with an increased risk of shoulder dystocia (9). This has also been suggested 
in other studies (36).  
 
Epidural analgesia 
A case-control study performed by Christoffersson et al, published in 2003, used data from 
patient records at four large hospitals in Sweden. The authors concluded that epidural 
analgesia is an independent risk factor for shoulder dystocia (OR 1.89, 95% CI 1.07-3.34) 
(57).  
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1.7 Background for the present studies 
It is often claimed that most shoulder dystocia cases occur without any known underlying 
risk factors. Thus, our knowledge of the risk factors for shoulder dystocia is still 
insufficient (2). 
Shoulder dystocia is one of the most dramatic obstetric emergency situations that can 
happen at delivery. Because of the potential fatal outcome for the offspring and the 
physical and emotional trauma this situation may cause for the mother, reliable knowledge 
about risk factors is necessary. Shoulder dystocia is a rare event. To ensure sufficient 
statistical power, large study populations are necessary to gain reliable estimates of the risk 
of shoulder dystocia.  
 
Background for Paper I 
History of shoulder dystocia and risk of recurrence  
A history of shoulder dystocia is assumed to be a risk factor for shoulder dystocia in a 
subsequent pregnancy. Therefore many clinicians practice the principle of “once a shoulder 
dystocia always a cesarean” (147). The impact of shoulder dystocia during the first 
delivery on the risk of shoulder dystocia in the second has, to our knowledge, been 
reported in five previous studies, in which the reported estimates of recurrent risk varied 
widely, from 1% to 14% (99, 148-150). A summary of the previous studies on the 
recurrence risk of shoulder dystocia is presented below. 
  
Baskett et al published in 1995 a study of 254 shoulder dystocia cases in 40 518 vaginal 
cephalic deliveries at Grace Maternity Hospital, Halifax, Canada (99). Of these 254 
women who experienced shoulder dystocia, there was one woman who experienced 
recurrent shoulder dystocia. The author did not make any adjustment for potentially 
confounding factors. 
 
Lewis et al published in 1995 a study of all vaginal deliveries during the period 1983-1992 
at Louisiana State University Centre in Shreveport, Louisiana, USA (n=37 465) (148). 
Shoulder dystocia occurred in 747 cases (2%). Of these, 101 patients had 123 subsequent 
vaginal deliveries, and in 17 (13.8%) of these deliveries recurrent shoulder dystocia 
occurred. The authors did not make any adjustment for potentially confounding factors.  
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Ginsberg et al published in 2001 a study of all vaginal deliveries registered in the 
Northwestern University Medical Center obstetric database, Washington state, USA,  
(n=39 681) (150). There were 602 deliveries with shoulder dystocia (1.5%). Sixty-six of 
the women with shoulder dystocia had a subsequent vaginal delivery recorded at this 
hospital, of whom 11 (16.7%) had recurrent shoulder dystocia.  
Mehta et al published in 2007 a study performed in Hutzel Women’s Hospital in Detroit, 
Michigan, USA, during the period 1996-2000 (149). Of a total of 25 995 vaginal 
deliveries, 205 deliveries were affected by shoulder dystocia (0.8%). Forty-two of these 
women had a subsequent vaginal delivery in this hospital, of whom four experienced 
recurrent shoulder dystocia. The authors did not make any adjustment for potentially 
confounding factors. All of these studies suffered from limited sample sizes, and in 
addition a large proportion of the women were either lost to follow-up or had a subsequent 
cesarean delivery.  
Moore et al published in 2008 a large population-based case-control study of deliveries in 
Washington State, USA, during the period 1987-2004 (44). The authors studied 26 208 
vaginal deliveries with shoulder dystocia. Of these 7819 women underwent a subsequent 
vaginal delivery and 1060 experienced recurrent shoulder dystocia (13.5%). The overall 
occurrence of shoulder dystocia was as high as 2.3%. The relative impact of a prior 
shoulder dystocia, as compared to other risk factors of shoulder dystocia, was not 
addressed.  
Knowledge of the recurrence rate of shoulder dystocia is important for deciding mode of 
delivery in a subsequent pregnancy. Knowledge of the risk factor for recurrence of 
shoulder dystocia is also important for patients counseling about the risk. In order to gain 
knowledge of the recurrence risks of a rare obstetric event, such as shoulder dystocia, large 
sample sizes are needed to ensure sufficient statistical power. It is also necessary to have 
information on other risk factories for shoulder dystocia so that adjustment can be made for 
possible confounding factors.  
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Background for Paper II  
Parity and the risk of shoulder dystocia 
To our knowledge, the association of parity with shoulder dystocia has been addressed in 
three previous studies, all of them suggesting no association of parity with the risk of 
shoulder dystocia (33, 151, 152). However, during our work with Paper I in this thesis, we 
found surprisingly that shoulder dystocia occurred more often in women with a previous 
delivery than in first time mothers (153). A summery of the three previous studies on the 
association of parity and the risk of shoulder dystocia is presented below. 
 
Nocon et al published in 1993 a retrospective study of 12 532 vaginal deliveries during the 
period 1986-1990 at the Wishard Memorial Hospital, Indianapolis, Indiana, USA, and 
assessed the risk of shoulder dystocia according to various risk factors (33). The authors 
suggested that parity (para >0), among other variables, was not associated with the risk of 
shoulder dystocia. 
 
Mocanu et al published in 2000 the outcome of all deliveries of offspring weighing 4500 
grams or more (n=828) at the Coombe Women’s Hospital in Dublin, Ireland during the 
period 1991-1995 (151). Parity (para 0 versus para >0) was one among many study factors. 
They found that the occurrence of shoulder dystocia was similar in primiparous and parous 
women. No adjustments were made for potentially confounding factors.  
 
Revicky et al published in 2011 a retrospective cohort study of 9767 deliveries (234 
shoulder dystocia cases) in the Norfolk and Norwich University Hospital, UK during the 
period 2005-2007 (152). They studied the association of various study factors, including 
parity (para 0 versus para >0) with shoulder dystocia. After adjustment for other study 
factors, the authors concluded that parity was not an independent risk factor for shoulder 
dystocia.  
 
Few studies on the association of parity with shoulder dystocia have had the power to 
adjust for possible confounding factors. Also, type II statistical errors may occur, due to 
low statistical power in the studies. In addition, as far as we know, no study has 
investigated the association of birthweight with shoulder dystocia within strata of parity. 
Thus, better studies are needed to determine whether parity is an independent risk factor 
for shoulder dystocia.  
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Background for Paper III 
Pregnancy week at delivery and the risk of shoulder dystocia 
It has been suggested that giving birth at pregnancy week 42 or later, regarded as postterm 
pregnancy, may increase the risk of shoulder dystocia (6). Offspring birthweight increases 
by increasing pregnancy weeks, and for that reason alone shoulder dystocia may occur 
more often in postterm deliveries. Nonetheless, it is uncertain whether postterm delivery is 
an independent risk factor for shoulder dystocia. A summary of previous studies on 
pregnancy week at delivery and the risk of shoulder dystocia is presented below.  
 
Hopwood published in 1982 a study of 17 735 deliveries (92 shoulder dystocia cases) at 
the Arlington Community Hospital, Virginia, USA (11). The author noted that 10% of the 
deliveries were postterm, but 27% of the shoulder dystocia cases were postterm. This 
observation suggested postterm pregnancy as a risk factor of shoulder dystocia. 
Adjustment for birthweight was not made.  
 
Acker et al published in 1985 a study of vaginal deliveries of offspring weighing 2500 
grams or more, (n=14 721; 309 with shoulder dystocia) at Beth Israel Hospital, Boston, 
Massachusetts, USA (31). The study population was divided into birthweight categories of 
500 grams. The authors found a 70% higher risk for shoulder dystocia in postterm 
compared to term deliveries for offspring weighing >4500 grams (RR 1.7). Acker et al 
states: “The number of cases of shoulder dystocia that occurred in postterm deliveries of 
still lighter offspring was not great, but the frequency were consistently (but not 
significantly) larger than in term deliveries.” This study is used as a reference for the 
American College of Obstetrics and Gynecology when listing postterm pregnancy as one 
of the risk factors for shoulder dystocia (6).  
 
Baskett et al published in 1995 a study of 254 shoulder dystocia cases in 40 518 vaginal 
cephalic deliveries at Grace Maternity Hospital, Halifax, Canada (99). They found that the 
occurrence of shoulder dystocia was increased three-fold in postterm deliveries (42 weeks 
or beyond). Adjustments for birthweight or other potential confounding factors was not 
made.  
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Campbell et al published in 1997 a study of term (n=379 445) and postterm (n=65 796) 
deliveries in Norway (154). Within strata of birthweight the authors found no higher risk of 
shoulder dystocia in postterm deliveries as compared to term deliveries.  
 
Two of the above studies were descriptive studies only (11, 99). The other two did 
analyses within strata of birthweight. No adjustments for other potential confounding 
factors were made in any of the studies (31, 154). Also, the results are conflicting. 
Therefore there is a need for studies which have the statistical power to adjust for potential 
confounding factors. None of the previous studies had any information on maternal 
diabetes according to pregnancy week at delivery and the risk of shoulder dystocia. It is 
therefore not known whether women with diabetes are at particularly high risk of shoulder 
dystocia at pregnancy week 40 or beyond. Studies that can answer this question are 
therefore needed.  
 
Previous studies have lacked the statistical power to draw conclusions about the recurrent 
risk of shoulder dystocia. Also, previous studies have shown conflicting results regarding 
the association of parity with the risk of shoulder dystocia. Furthermore, there is 
insufficient knowledge on pregnancy week at delivery and the risk of shoulder dystocia.  
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2.0 AIMS  
 
Aims of Paper 1: To estimate the absolute risk and the relative risk of shoulder dystocia in 
the second delivery according to history of shoulder dystocia and offspring birthweight. 
Aims of Paper 2: To estimate the association of parity and offspring birthweight with the 
risk of shoulder dystocia, and study whether the association of offspring birthweight with 
shoulder dystocia differs by parity.  
Aims of Paper 3: To study whether pregnancy week at delivery is an independent risk 
factor for shoulder dystocia, and to study whether women with diabetes are at particularly 
high risk of shoulder dystocia at week 40 or later. 
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3.0 MATERIALS AND METHODS 
3.1 Study populations  
Our studies are population-based. All data were drawn from the Medical Birth Registry of 
Norway (MBRN). The MBRN is a national birth registry containing information on all 
deliveries in Norway. The MBRN was established in 1967, and was the first nation-wide 
birth registry in the world. The MBRN is based on compulsory notification of every 
delivery in Norway  (155). The birth attendant in charge of the delivery is responsible for 
the reporting to the MBRN and all information about the mother, the pregnancy, the 
delivery and the newborn is reported shortly after the delivery by a standardized 
notification form. The original notification form was introduced at the start of the MBRN 
in 1967, and remained unchanged for 30 years (155). However, in December 1998, a 
revised and more comprehensive notification form was introduced. 
More than 2.5 million births were registered by the end of 2009. From its inception, the 
MBRN has had a dual objective: surveillance of adverse outcomes and research (155).  
Study population Paper I 
We studied all women with two consecutive (first and second) deliveries of singletons in 
cephalic presentation after pregnancy week 16 in Norway during the period 1967-2005. In 
total, 593 144 women were included in the study. We then restricted the analyses to 
women who gave birth vaginally both the first and second time, which led to the exclusion 
of 38 373 women with a cesarean at first delivery, and additionally 17 457 women with a 
cesarean at second delivery. Selection of the study sample Paper I is shown in Figure 4. 
 41 
 
First delivery                                                                                              Second delivery 
 
 
 
                             
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4. All women with one fetus in cephalic position according to mode of delivery in 
their first and second pregnancy in Norway during the period 1967-2005 (n= 593 144) 
*Women included in our study sample.  
 
Study population Paper II 
We studied all deliveries after pregnancy week 16 in Norway during the period 1967-2006. 
The data were drawn from the MBRN and a total of 2 211 395 deliveries took place during 
our study period. We restricted the study to vaginal deliveries of singleton offspring in 
cephalic presentation. We therefore excluded 213 206 (9.6%) cesarean deliveries, 39 255 
vaginal multiple births, 35 546 vaginal non-cephalic deliveries. Additionally we excluded 
2513 deliveries with missing offspring birthweight. Thus 1 914 544 deliveries remained for 
the data analyses.  
Cesarean delivery 
n=38 373; 6.5% 
Vaginal delivery 
n=554 773; 93.5% 
Shoulder dystocia 
n=2745; 0.5%  
No shoulder dystocia 
n=552 028; 99.5% 
Cesarean delivery 
n=17 056; 3.1% 
Vaginal delivery* 
n=2344; 85.4% 
Cesarean delivery 
n=401; 14.6% 
Vaginal delivery* 
n=534 972; 96.9% 
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Study population Paper III 
We studied all deliveries in Norway during the period 1967-2009 (n=2 521 086). The data 
were drawn from the MBRN. We restricted the study to vaginal deliveries of singleton 
offspring in cephalic presentation. We therefore excluded 67 024 multiple births, 85 996 
non-cephalic deliveries, 190 178 (8.1%) cesarean deliveries and 7937 deliveries with 
missing information on presentation. Additionally we excluded 107 253 deliveries with 
missing information on pregnancy week at delivery and 2693 deliveries with missing 
information on birthweight. Since shoulder dystocia rarely occurs before pregnancy week 
32 and an unknown number of shoulder dystocia cases occurring in week 44 or later may 
have been erroneously classified as such, we chose to restrict the study to deliveries 
between pregnancy weeks 32 and 43. We therefore excluded 19 042 deliveries before 
pregnancy week 32 and 26 006 deliveries at pregnancy week 44 or beyond. Thus a total of 
2 014 956 deliveries remained for the data analyses.  
 
3.2 Dependent variable 
Shoulder dystocia  
In Paper I the dependent variable was shoulder dystocia in the second delivery. In Papers II 
and III the dependent variable was shoulder dystocia at delivery. Information on shoulder 
dystocia was based on one item in the standardized MBRN notification form. The original 
notification form had an open space where delivery complications such as shoulder 
dystocia were reported. However, the revised notification form contains a specific item: 
“Vanskelig skulderforløsning” (“Difficult delivery of the shoulders”). There is a box to be 
ticked if the delivery of the shoulders was difficult. In our study shoulder dystocia at 
delivery was present if “difficult delivery of the shoulders” was reported to the MBRN.   
 
3.3 Main independent variables  
Paper I. Shoulder dystocia at first delivery 
The main independent variable in Paper I was “shoulder dystocia at the first delivery”, 
coded as “yes” or “no”.  
 
Paper II. Parity 
The main independent variable in Paper II was parity. Parity was defined as the number of 
previous deliveries by the mother. We used the number of previous deliveries for 
categorization of paritySDUDSDUDDQGSDUD 
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Paper III. Pregnancy week at delivery 
The main independent variable in Paper III was pregnancy week at delivery. In the MBRN, 
information on pregnancy week at delivery was given as completed number of pregnancy 
weeks. This is calculated from the term date which is estimated from information based on 
the mother’s reported first day of last menstrual period. From 1999 the term date in the 
MBRN was estimated by ultrasonographic examination in pregnancy weeks 17-19 for 97% 
of the pregnancies. This examination is offered to all pregnant women free of charge. For 
the remaining 3% the term date was still estimated from information based on the mother’s 
reported first day of last menstrual period. We categorized pregnancy week at delivery as: 
32-35, 36-37, 38-39, 40-41 and 42-43 weeks.  
3.4 Other study factors 
Offspring birthweight 
Offspring birthweight has been measured by the birth attendant shortly after delivery and 
reported in grams. In the data analyses we categorized birthweight as follows: <3000, 
3000-3499, 3500-3999, 4000-4499, 4500-4999 and 5000 grams.  
Induction of labor 
This information is based on four variables in the MBRN: induction with prostaglandins 
(yes/no), induction with oxytocin (yes/no), induction with amniotomi (yes/no) and 
induction with other methods (yes/no). These four variables were joined into a new 
dichotomous variable: induction (yes/no). If one or more of these four original variables 
were coded as yes, they were given the value yes in the new variable.  
Use of epidural analgesia  
This is based on information from one variable in the MBRN: epidural analgesia (yes/no). 
Prolonged labor 
Defined in the MBRN as labor lasting more than 24 hours (yes/no).
Forceps-assisted delivery 
Information in the MBRN is given as use of forceps (yes/no). 
Vacuum-assisted delivery  
Information in the MBRN is given as use of vacuum (yes/no). 
 44 
Diabetes mellitus 
In the MBRN the information on maternal diabetes is based on four variables: diabetes 
type 1, diabetes type 2, gestational diabetes or diabetes other types/unspecified diabetes (all 
yes/no). These four variables were joined and coded as diabetes (yes/no).  
 
Maternal age 
In the MBRN, maternal age is given as the mother’s age (in years) at the time of delivery. 
In the data analyses we categorized maternal age as follows: <20, 20-24, 25-29, 30-34 and 
35 years old.  
 
Year (period) of delivery  
This is based on the child’s year of birth as reported to the MBRN. In the data analyses we 
categorized period of delivery as 1967-1976, 1977-1986, 1987-1996 and 1997-2005 in 
Paper I. In Paper II period of delivery was grouped as 1967-1976, 1977-1986, 1987-1996 
and 1997-2006 and in Paper III the grouping was 1967-1976, 1977-1986, 1987-1996 and 
1997-2009 . 
 
3.5 Study design and statistical methods 
Paper I 
Design: Cohort study. 
The proportion (%) of women who experienced shoulder dystocia in the first or in the 
second delivery was calculated. The risks of shoulder dystocia in the second delivery 
according to history of shoulder dystocia and other study factors were estimated as crude 
ORs (cOR) and adjusted ORs (aOR) with 95% CIs using logistic regression analyses. The 
absolute risks of shoulder dystocia in the second delivery as according to history of 
shoulder dystocia and offspring birthweight was calculated as proportions with 95% CIs. 
All statistical analyses were performed by using the Statistical Package for the Social 
Science (SPSS) for Windows version 14.0 (SPSS Inc., Chicago, Illinois, USA).  
 
Paper II 
Design: Cross-sectional study.  
Proportions (%) of deliveries with shoulder dystocia were calculated across parity (0, 1 or 
more than 1 previous delivery), offspring birthweight and other study factors. Differences 
in proportions were tested using the chi-square test. The risks of shoulder dystocia 
 45 
according to parity, offspring birthweight and other study factors were estimated as cOR 
and aOR with 95% CIs, using logistic regression analyses. These analyses were repeated in 
strata of parity (0, 1 or more than 1 previous delivery).  
 
Possible interaction between birthweight and parity, associated with the risk of shoulder 
dystocia was explored by including an interaction term in the multivariate analyses, and the 
level of statistical significance was tested by applying the Wald test. All statistical analyses 
were performed using SPSS for Windows version 15.0 (SPSS Inc., Chicago, Illinois, 
USA).  
 
Paper III 
Design: Cross-sectional study.  
We calculated the proportions (%) of deliveries with shoulder dystocia within the 
categories of pregnancy week at delivery in the study sample as a whole and within 
categories of offspring birthweight and other study factors. Differences in proportions were 
tested using the chi-square test. The relative risk of shoulder dystocia according to 
pregnancy week at delivery, offspring birthweight and other study factors were estimated 
as cOR and aOR with 95% CIs, using logistic regression analyses. The analyses were 
repeated for pregnancies with and without diabetes.  
 
Possible interaction between pregnancy week at delivery and maternal diabetes, with the 
risk of shoulder dystocia was explored by including an interaction term in the multivariate 
analyses, and the level of statistical significance was tested by applying the Wald test. All 
statistical analyses were performed using the SPSS for Windows version 15.0 (SPSS Inc., 
Chicago, Illinois, USA). 
 
3.6 Ethical considerations 
Our studies were approved by the Publication Committee of the MBRN, and the MBRN is 
approved by The Norwegian Data Protection Authority (Datatilsynet). The study 
participants in the MBRN are anonymous to the researchers. According to the Norwegian 
Act of Health Research (Helseforskningsloven) §8, it is not necessary to apply for ethical 
approval to Regional Ethical Committees if the research is performed on anonymous data 
from the MBRN.  
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4.0 SYNOPSIS OF THE STUDIES  
 
Paper I 
Overland EA, Spydslaug A, Nielsen CS, Eskild A. Risk of shoulder dystocia in second 
delivery: does a history of shoulder dystocia matter? American Journal of Obstetrics 
and Gynecology 2009; 200:506.e1-6. 
Objective: Our aim was to estimate the relative and absolute risk of shoulder dystocia in 
the second delivery according to history of shoulder dystocia and offspring birthweight. 
Design: Population-based retrospective cohort study. 
Setting: MBRN.   
Population: All women with two consecutive (first and second) deliveries of singleton 
offspring in cephalic presentation during the period 1967-2005 (n=537 316).  
Main outcome measure: Shoulder dystocia at the second delivery. 
Results: In the second delivery, shoulder dystocia occurred in 0.8% of all women. In 
women with a prior shoulder dystocia the recurrence risk was 7.3%. Most shoulder 
dystocia cases in second delivery were in women without such history (96.2%). Offspring 
birthweight was the most important risk factor for shoulder dystocia in second delivery, 
cOR 292.9 (95% CI 237.8-360.7) comparing birthweight >5000 grams with 3000-3499 
grams.  
Conclusion: Prior shoulder dystocia increased the risk of shoulder dystocia in the second 
delivery. However, offspring birthweight was by far the most important risk factor. 
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Paper II  
Øverland EA, Vatten LJ, Eskild A. Risk of shoulder dystocia: associations with parity 
and offspring birthweight. A population study of 1 914 544 deliveries. Acta Obstetrica 
et Gynecologica Scandinavia 2012; 91:483-488.  
Objectives: We estimated the associations of parity and offspring birthweight with the risk 
of shoulder dystocia, and studied whether the association of offspring birthweight differed 
by parity.  
Design: Population-based register study. 
Setting: MBRN.  
Population: All vaginal deliveries of a singleton offspring in cephalic presentation during 
the period 1967-2006 (n=1 914 544). 
Main outcome measure: Shoulder dystocia at delivery. 
Results: Shoulder dystocia occurred in 0.68% (13 109/1 914 544) of all deliveries. There 
was a strong positive association of birthweight with risk of shoulder dystocia, and 75% (9 
765/13 109) of all cases occurred in deliveries of offspring weighing 4000 grams or more. 
The association of birthweight displayed similar patterns across parities, but the association 
was slightly stronger in parous than in primiparous women. Among first-time mothers, 
0.12% (320/276 614) with offspring weighing 3000-3499 grams (reference) experienced 
shoulder dystocia, whereas 13.30% (169/1 244) with offspring birthweight higher than 
5000 grams (OR 135.7, 95% CI 111.6-165.1) had shoulder dystocia. The corresponding 
results for women with one previous delivery were 0.08% (161/201 572) and 16.45% 
(501/3054) (OR 246.4, 95% CI 205.4-295.5). 
Conclusions: High offspring birthweight is the major risk factor for shoulder dystocia and 
most cases occurred at high offspring birthweights. The positive association of birthweight 
with shoulder dystocia showed similar patterns across parities, but at high birthweights 
parous women where at greater risk of shoulder dystocia than primiparous women.  
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Paper III 
Øverland EA, Vatten LJ, Eskild A. Pregnancy week at delivery and the risk of 
shoulder dystocia: a population study of 2 014 956 deliveries. BJOG: An International 
Journal of Obstetrics & Gynecology 2014; 121(1):34-42. 
Objective: To study whether pregnancy week at delivery is an independent risk factor for 
shoulder dystocia.  
Design: Population study. 
Setting: MBRN. 
Population: All vaginal deliveries of singleton offspring in cephalic presentation in 
Norway during the period 1967-2009 (n=2 014 956).  
Methods: The incidence of shoulder dystocia was calculated according to pregnancy week 
at delivery. The associations of pregnancy week at delivery with shoulder dystocia were 
estimated as cORs and aORs using logistic regression analyses. We repeated the analyses 
in pregnancies with and without maternal diabetes. 
Main outcome measures: Shoulder dystocia at delivery. 
Results: The overall incidence of shoulder dystocia was 0.73% (n=14 820), and the 
incidence increased by increasing pregnancy week at delivery. Birthweight was strongly 
associated with shoulder dystocia. After adjustment for birthweight, induction of labor, use 
of epidural analgesia at delivery, prolonged labor, forceps- and vacuum-assisted delivery, 
parity, period of delivery and maternal age in multivariable analyses, the aOR for shoulder 
dystocia was 1.77 (95% CI 1.42-2.20) for deliveries at 32-35 weeks, and 0.84 (95% CI 
0.79-0.88) at 42-43 weeks, using weeks 40-41 as the reference. In diabetic pregnancies 
(n=11 188), the incidence of shoulder dystocia was 3.95%, and after adjustment for 
birthweight the aOR for shoulder dystocia was 2.92 (95% CI 1.54-5.52) at weeks 32-35, 
and 0.91 (95% CI 0.50-1.66) at 42-43 weeks.  
Conclusions: The risk of shoulder dystocia was associated with increased birthweight, 
maternal diabetes, induction of labor, use of epidural analgesia at delivery, prolonged 
labor, forceps- and vacuum-assisted delivery, parity and period of delivery, but not with 
postterm delivery.  
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5.0 DISCUSSION 
 
5.1 Main findings  
Paper I 
x In the second delivery shoulder dystocia occurred in 0.8% of all women as compared to 
0.5% of all women in the first delivery.  
x A history of shoulder dystocia increased the risk of shoulder dystocia in the second 
delivery as compared to women without such a history, and 7.3% of women with a 
history of shoulder dystocia experienced a new shoulder dystocia.  
x Very few of all shoulder dystocia cases in the second delivery occurred in women with 
a history of shoulder dystocia (3.8%).  
x The combination of a history of shoulder dystocia and high offspring birthweight in the 
second pregnancy conferred a high risk of recurrence. If the birthweight was low or 
normal, the risk of shoulder dystocia in the second delivery was low, regardless of a 
history of shoulder dystocia.  
 
Paper II 
x High offspring birthweight was a major risk factor for shoulder dystocia and three 
quarters (75%) of all shoulder dystocia cases occurred in deliveries of offspring 
weighing more than 4000 grams.  
x Parous women are at higher risk of shoulder dystocia compared to primiparous women, 
also after adjustment for offspring birthweight and other study factors. 
x The positive association of birthweight with shoulder dystocia showed similar patterns 
across categories of parity, but at high birthweights parous women were at higher risk 
of shoulder dystocia than primiparous women.  
 
Paper III 
x The propotion of deliveries complicated with shoulder dystocia, increased by 
increasing pregnancy length at delivery.  
x After adjustment for offspring birthweight there was a decreasing risk of shoulder 
dystocia with increasing pregnancy week. This finding was particularly pronounced in 
diabetic pregnancies.  
x Consequently, postterm delivery is not an independent risk factor for shoulder dystocia. 
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5.2 Methodological considerations  
Methodological considerations presented in the discussion sections of each paper included 
in this thesis will in general not be repeated in the following text.  
 
Limitation of the findings 
The aim of epidemiological studies is to produce an estimate which ideally is as close as 
possible to the true association between an exposure and an outcome. However, there will 
always be possible methodological limitations in the form of errors which may influence 
the measurements of association found in a study. In epidemiological studies there are two 
sorts of errors: systematic errors and random errors (109, 156).   
 
Systematic errors, or biases, result in predictable, but often unknown fluctuations in 
measurement and are classified into selection bias, information bias and confounding (109, 
157). Random errors exist independent of systematic errors, and creates unpredictable 
fluctuation of the variability in the data (157). Random error is affected by the size of the 
study. When the study size increases, random errors are reduced.  
 
Selection bias 
Selection bias in study inclusion may cause under- or overestimation of the prevalence of a 
given outcome. The participants in our studies were drawn from the MBRN, which 
includes all deliveries after pregnancy week 16 in Norway since 1967. Notification to the 
MBRN is compulsory, and it is unlikely that there are many, if any, deliveries that have not 
been reported. Hence, it is not likely that skewed selection to our studies has biased the 
estimated prevalence of shoulder dystocia.   
 
In Paper I we followed all women in Norway with a first vaginal delivery to her next 
vaginal delivery. Women with a vaginal delivery at their first delivery, but a cesarean 
delivery at their second delivery were not included in the study population.  
 
Women who experienced shoulder dystocia at their first delivery may have been more 
likely to have a cesarean delivery the second time than women without such a history. If 
this is true, we may have underestimated the recurrence of shoulder dystocia, since 
shoulder dystocia are not present in cesarean deliveries. Offspring birthweight showed the 
strongest association with our outcome. We calculated the mean birthweight among those 
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who experienced shoulder dystocia during the first delivery according to mode of delivery 
in the second delivery (cesarean delivery; yes/no). However, the mean birthweight was 
similar in the two groups (3940 grams and 3960 grams, respectively). Thus, it is not likely 
that selection to cesarean delivery in the second delivery according to offspring birthweight 
has biased the estimates of the association of history of shoulder dystocia with shoulder 
dystocia in the second delivery. 
 
Information bias 
Information bias occurs when the information on the exposure or the outcome is erroneous. 
This is often referred as misclassification. Misclassification can be non-differential or 
differential. Non-differential misclassification occurs when the misclassification is not 
systematically linked both to the outcome and the exposure. Generally, non-differential 
misclassification may render an underestimation of the association between an exposure 
and an outcome, thus biasing the results towards the null-hypotheses. However, although 
non-differential misclassification will “blur” the result and fade the possible associations, 
the direction of the associations is usually valid. It is generally assumed that non-
differential misclassification occurs quite often in studies.  
 
In contrast, differential misclassification occurs when the misclassification is 
systematically linked both to exposure and outcome. Differential misclassification may 
result in an erroneous estimate of the association between the exposure and the outcome.  
 
Our outcome was shoulder dystocia at delivery. There is an agreement that shoulder 
dystocia is a situation where the fetal shoulders do not follow easily after the fetal head is 
born. Still there is a lack of uniform diagnostic criteria for shoulder dystocia and the 
diagnosis reminds to be based on the birth attendant’s subjective recognition. Therefore, an 
event that one birth attendant diagnoses as a shoulder dystocia, may not be diagnosed as 
such by another. It is therefore quite likely that misclassification of the outcome occurs in 
our study. This may affect the estimates of the occurrence of shoulder dystocia. If the 
reporting of shoulder dystocia also is linked to the exposure variable, the estimated 
associations may be erroneous.  
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In 1999 the reporting of shoulder dystocia to MBRN changed from reporting shoulder 
dystocia by an open space of any complication at delivery (“Komplikasjoner i forbindelse 
med fødsel; Nei/ Ja (spesifiser)”) to ticking a box in response to a direct question on 
shoulder dystocia (Figure 5 and Figure 6). This change in reporting might have affected the 
reported occurrence of shoulder dystocia, which increased from 0.9% in 1998 to 1.3% in 
1999. Year of delivery (period) was included to adjust for changes of reporting over time.  
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Figure 5. The standardized notification form of the Medical Birth Registry of Norway used 
from 1967 throughout 1998 
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Figure 6. The standardized notification form of the Medical Birth Registry of Norway 
introduced in December 1998  
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In Paper I we studied the recurrence risk of shoulder dystocia. The outcome variable was 
shoulder dystocia in the second delivery, whereas the exposure variable was shoulder 
dystocia in the first. If the likelihood of being diagnosed with shoulder dystocia in the 
second delivery was affected by the mother’s history of shoulder dystocia, the estimated 
risk of recurrence may have been overestimated. On the contrary, birth attendants at 
deliveries of women with a history of shoulder dystocia, may make preparations that 
possibly prevent shoulder dystocia. In such case, the recurrences risk may be 
underestimated.  
 
In Paper II the outcome variable was shoulder dystocia and the main exposure variables 
were parity and birthweight. Being parous is assumed to protect against delivery 
complications, therefore parous women may be less likely to be diagnosed with shoulder 
dystocia. If this is the case, the estimated risk of shoulder dystocia among parous women in 
our study, may represent an underestimate. It is also possible that the likelihood of being 
diagnosed with shoulder dystocia increased by increasing offspring birthweight. If this is 
the case, the positive association we found between birthweight and risk of shoulder 
dystocia may represent an overestimate.  
 
In Paper III the main exposure variable was pregnancy week at delivery. It is often 
assumed that being postterm is an independent risk factor for shoulder dystocia. It is 
therefore possible that the likelihood of being diagnosed with shoulder dystocia increases 
by length of pregnancy. If this is the case, the inverse association we found between 
pregnancy week at delivery and risk of shoulder dystocia may represent an underestimate. 
Maternal diabetes is a known risk factor for shoulder dystocia. Therefore, mothers with 
diabetes may have increased likelihood of being diagnosed with shoulder dystocia. We 
found, however, an inverse association of pregnancy week and risk of shoulder dystocia 
both in pregnancies with and pregnancies without diabetes.  
 
It is also possible that the diagnosis of shoulder dystocia in our papers is more often given 
to mothers with presence of the other study factors: epidural analgesia, operative delivery, 
prolonged labor and high maternal age. Such deliveries are often regarded as high-risk 
deliveries and draw special attention. This may result in a more liberal use of the shoulder 
dystocia diagnosis and the association between these study factors and the risk of shoulder 
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dystocia may have been overestimated. On the other hand, these high-risk deliveries may 
have drawn special attention so the birth attendants have done preparations that possibly 
prevent shoulder dystocia. If this is the case, the estimated associations may have been 
underestimated.  
  
Confounding 
Confounding may have biased our associations if there are underlying factors that are 
associated with both shoulder dystocia at delivery and one or more of the exposure 
variables, and these factors are not accounted for in the data analyses. Based on knowledge 
from previous studies birthweight is an important risk factor for shoulder dystocia. In our 
studies, offspring birthweight was a potential confounding factor since birthweight is 
associated both with the various exposure variables (previous shoulder dystocia, parity and 
gestational length) and outcome (shoulder dystocia). Thus in all three studies, offspring 
birthweight was included in the multivariate statistical models as a potential confounding 
factor. We also included the following potential confounding factors: maternal diabetes, 
induction of labor, epidural analgesia, prolonged labor, vacuum- and forceps-assisted 
delivery, maternal age. However, it is possible that potential confounding remains.  
 
Obesity is associated with birthweight and possibly with shoulder dystocia. We lacked 
information on maternal weight and height since this information were not available in the 
MBRN during our study periods. Thus, we could not make adjustment for maternal obesity 
calculated as body mass index. However, results from previous studies do not strongly 
suggest that maternal body mass index nor maternal weight gain during pregnancy are 
independent risk factors for shoulder dystocia. Thus, these factors are not likely to be 
important confounders in our studies.   
 
Interaction 
Interaction exists when the effect of one exposure variable on the outcome is different in 
different exposure groups, for example groups of women with different parity (109, 157). 
Separate data analyses within groups (stratification) may be used to identify interaction.  
The strength of the interaction may be assessed by including an interaction term in 
multivariate model. In Paper II we stratified the study population into categories of parity 
3DUD3DUDDQG3DUDand studied whether the association of birthweight with 
shoulder dystocia differed by parity. We found a slightly stronger association among 
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parous mothers than among primiparous mothers. The strength of the interaction was 
assessed by including an interaction term (birthweight * parity) in the multivariate model, 
and we found a significant interaction.  
 
In Paper III we stratified the population by the diabetes status of the mother and estimated 
the association of pregnancy week at delivery with shoulder dystocia in both women with 
diabetes and women without diabetes. We found a stronger association among women with 
diabetes than among women without diabetes. We assessed the strength of the interaction 
by including an interaction term (pregnancy week at delivery * maternal diabetes) in the 
multivariate model and found evidence of a significant interaction between pregnancy 
week at delivery and maternal diabetes regarding the risk of shoulder dystocia (Figure 5).  
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Figure 7. Adjusted odds ratios of shoulder dystocia according to pregnancy week at 
delivery among women with diabetes and women without diabetes. Adjustment made for 
offspring birthweight 
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6.0 CLINICAL IMPLICATIONS OF FINDINGS  
 
Paper I 
Among women who had shoulder dystocia in the first delivery, 7.3% had recurrent 
shoulder dystocia in the second delivery. There was a strong association between 
birthweight and the risk of shoulder dystocia. The combination of a history of shoulder 
dystocia and high offspring birthweiJKWJUDPVLQWKHVHFRQGGHOLYHU\\LHOGHGD
high risk of recurrence. In contrast, when offspring birthweight was normal or lower, the 
risk of recurrence was low (Table 3).  
 
Table 3. Absolute risk (%) with 95% CI for shoulder dystocia at second delivery among 
women with and without shoulder dystocia at first delivery according to birthweight 
 
 Shoulder dystocia at first delivery (%) 
 Yes (95%CI) No (95%CI) 
Birthweight (grams)   
<3000 1.4 (0.1-4.0) 0.0 (0.0-0.0) 
3000-3499 0.3 (-0.3-0.9) 0.1 (0.1-0.1) 
3500-3999 2.2 (1.3-3.2) 0.4 (0.3-0.4) 
4000-4499 9.7 (7.5-11.8) 1.8 (1.7-1.9) 
4500-4999 19.9 (15.4-24.3) 6.3 (6.0-6.6) 
>5000 29.2 (16.3-42.0) 17.4 (15.9-18.9) 
Total  7.2 (6.2-8.3) 0.8 (0.08-0.08) 
 
 
Our findings suggest that the assumption “once a shoulder dystocia always a cesarean” 
should be modified. When counseling women with a history of shoulder dystocia, 
clinicians must adopt an individual approach. A vaginal delivery can be recommended to a 
woman with a history of shoulder dystocia if she is expecting an offspring with a low to 
normal estimated birthweight, because her risk of shoulder dystocia is not higher than the 
risk among a general population of first time mothers. On the other hand, a planned 
cesarean delivery is an appropriate recommendation for a woman with a history of 
shoulder dystocia who is expecting an offspring with estimated high offspring birthweight 
4500 grams).  
 
Paper II  
Parous women had a higher overall risk of shoulder dystocia compared to first-time 
mothers.  
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However, the increased risk among parous women was only present in deliveries of high 
birthweight offspring. To illustrate: Among women carrying an offspring weighing more 
than 5000 grams, a primiparous women had a 13.6% risk of experiencing shoulder 
dystocia at delivery, whereas a woman who has given birth once before had a 16.5% risk. 
At lower birthweights, the overall risk of shoulder dystocia was low and appeared to be 
lowest for parous women (Table 4).  
 
Table 4. Absolute (%) risk with 95% CI for shoulder dystocia according to parity and 
offspring birthweight 
 
 Shoulder dystocia (%) 
 Para 0 (95%CI) Para 1 (95%CI) Para  (95%CI) 
Birthweight (grams)    
<3000 0.0 (0.0-0.0) 0.0 (0.0-0.0) 0.0 (0.0-0.0) 
3000-3499 0.1 (0.1-1.1) 0.1 (0.1-0.1) 0.1 (0.0-0.1) 
3500-3999 0.5 (0.4-0.5) 0.4 (0.3-0.4) 0.3 (0.3-0.3) 
4000-4499 1.8 (1.7-1.9) 1.8 (1.7-1.9) 1.5 (1.4-1.6) 
4500-4999 6.0 (5.6-6.4) 6.3 (6.0-6.6) 4.9 (4.6-5.2) 
>5000 13.6 (12.6-14.6) 16.5 (15.1-17.8) 14.6 (13.4-15.8) 
Total  0.6 (0.4-0.7) 0.8 (0.7-0.9) 0.8 (0.6-0.9) 
 
 
Three out of four cases of shoulder dystocia occurred in deliveries of offspring weighing 
more than 4000 grams. Parous women represented 60% of the total number of the 
deliveries, but 67% of all cases of shoulder dystocia. Thus, doctors and midwifes should be 
aware that high offspring birthweight is by far the most important risk factor for shoulder 
dystocia, and that multiparity is not a protective factor.  
 
Paper III  
The proportions of deliveries with shoulder dystocia increased with increasing pregnancy 
week at delivery. However, after adjustment for birthweight the direction of the association 
was reversed, and we found a decreasing risk of shoulder dystocia with increasing 
pregnancy week at delivery. Therefore, our findings suggest that postterm pregnancy is not 
an independent risk factor for shoulder dystocia (Table 5).  
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Table 5. Crude and adjusted ORs with 95% CI for shoulder dystocia according to 
pregnancy week at delivery  
 
 Crude OR (95% CI) Adjusted OR (95% CI) 
Pregnancy week at delivery   
32-35 0.27 (0.22-0.33) 1.68 (1.35-2.10) 
36-37 0.50 (0.45-0.55) 1.92 (1.74-2.12) 
38-39 0.69 (0.66-0.73) 1.29 (1.24-1.34) 
40-41 1.0 1.0 
42-43 1.17 (1.11-1.22) 0.88 (0.84-0.92) 
 
Women with diabetes were at especially high risk for shoulder dystocia. In our study, 
shoulder dystocia occurred in 0.73% of all deliveries, but the occurrence was more than 
five-fold higher among women with diabetes (3.95%). 
 
Our findings suggest that at a given birthweight delivery before term is associated with a 
higher risk of shoulder dystocia than delivery at term or postterm. To illustrate this we 
have made additional analyses. In women without diabetes, the absolute risk of shoulder 
dystocia was 13.6% when giving birth to a high birthweight offspring JUDPVin 
week 37 as compared to 6.2% giving birth to an offspring of the same weight in week 42 
(Table 6). Among women with diabetes expecting a KLJKELUWKZHLJKWRIIVSULQJ
grams), the absolute risk of shoulder dystocia was generally high, and above 17%, 
regardless of pregnancy week of delivery (Table 6).  
 
Table 6. Absolute risk (%) of shoulder dystocia among women without or with diabetes 
expecting a high offspring birthweight (4500 grams) according to pregnancy week at 
delivery 
 
 Shoulder dystocia 
 Women without diabetes  Women with diabetes  
 % n % n 
Pregnancy week at delivery     
37 13.6 59/434 17.5 14/80 
38 10.2 154/1517 22.4 37/165 
39 7.9 543/6863 18.3 39/213 
40 6.9 1365/19 851 15.8 38/241 
41 6.6 1621/24 577 16.8 21/125 
42 6.2 867/14 081 19.0 8/42 
Total  6.8 4609/67 323 18.1 157/866 
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This knowledge is important to clinicians who provide obstetric care for women who are 
expecting large offspring, especially when the mother has diabetes. Our finding suggests 
that when a women with diabetes is carrying an offspring of high weight JUDPV a 
vaginal delivery confers a high risk of adverse outcome. In such a situation a planned 
cesarean should be considered, independent of length of gestation. 
 
We have made separate analyses in women carrying an offspring weighing 4000-4500 
grams. I all these pregnancies, the risk of shoulder dystocia is  higher before term than at or 
after term,  and this finding was especially pronounced among women with diabetes (Table 
7).   
 
Table 7. Absolute risk (%) of shoulder dystocia among women without and with diabetes 
expecting an offspring weighing 4000-4499 grams according to pregnancy week at 
delivery 
 
 Shoulder dystocia 
 Women without diabetes  Women with diabetes  
 % n % n 
Pregnancy week at delivery     
37 3.0 76/2511 10.4 21/202 
38 2.6 280/10 913 9.4 37/395 
39 2.0 896/44 921 8.8 53/601 
40 1.8 1803/100 269 3.5 25/705 
41 1.6 1607/99 412 4.0 12/298 
42 1.6 753/47 676 2.0 2/102 
Total  1.8 5415/ 305 702 6.5 150/2303 
 
There is an increasing risk of shoulder dystocia by increasing offspring birthweight, and 
the birthweight increases by increasing pregnancy week. Our results suggest that after 
adjustment for birthweight the risk of shoulder dystocia decrease by increasing pregnancy 
week at delivery. So, what yields the lowest risk of shoulder dystocia; induction of labor 
before term or wait for spontaneous labor when the offspring most likely has increased in 
weight? Induction of delivery yields an independent 20% increase in shoulder dystocia 
risk.  
 
To illustrate possible implications of our findings for clinical practice, we have calculated 
risk estimates for shoulder dystocia by pregnancy week and by using our risk estimates for 
shoulder dystocia by pregnancy week in deliveries with and without induction of labor. We 
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have calculated the risk of shoulder dystocia assuming offspring weight 3800 grams at 
pregnancy week 37, and the weight gain per week is assumed to be the mean (in grams) as 
for the population as a whole for both for women with and women without diabetes 
(Figure 6 and Figure 7). Figure 6 shows the shoulder dystocia risk among women with 
diabetes. In deliveries at pregnancy week 38 after labor induction (3997 grams), there is a 
risk of 8.4% for shoulder dystocia. Without labour induction there may be a spontaneous 
delivery in pregnancy week 40 and the offspring has gained more weight (4269 grams), but 
still the risk of shoulder dystocia is lower (6.4%) than it would have been after labor 
induction in week 38.  
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Figure 8. Risk of shoulder dystocia (%) among women with diabetes, with spontaneous 
labor and with induced labor, according to pregnancy week at delivery. The assumptions 
for offspring weight are shown in the red line 
 
These findings suggest that induction of labor before term of women with diabetes who is 
carrying an offspring with moderate high weight (3800 in pregnancy week 37) is of no 
benefit when it comes to reducing the risk of shoulder dystocia. However, there may be 
other medical reasons to induce labor in women with diabetes before term.  
 
Figure 7 shows the shoulder dystocia risk in pregnancies without diabetes. In deliveries in 
pregnancy week 38 after labor induction (3997 grams), there is a risk of 2.3% for shoulder 
dystocia. Without labour induction there may be a spontaneous delivery in pregnancy week 
40 and the offspring has gained more weight (4269 grams), but still the risk of shoulder 
dystocia is not higher (2.2%) than it would have been after labor induction at week 38. 
Again, there is of no benefit to induce labor before term when it comes to reducing the risk 
of shoulder dystocia.  
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Figure 9. Risk of shoulder dystocia (%) among women without diabetes, with spontaneous 
labor and with induced labor, according to estimated birthweight and pregnancy week at 
delivery. The assumption for offspring weight is shown in the red line 
 
To predict the risk of shoulder dystocia, it is important to be able to estimate the fetal 
weight with accuracy. Clinicians can estimate fetal weight by abdominal palpation, 
measuring the fundal height or using ultrasonographic measurements (158-161). Most 
studies on the reliability of birthweight prediction are based on ultrasonographic 
measurements employed as either one single fetal measure or combination of fetal 
measurements (158, 160, 161). The different ultrasonographic methods do not seem to 
differ substantially when it comes to prediction of fetal macrosomia (159, 161-163). 
Estimation of fetal weight based on clinical methods as abdominal palpation and 
measuring of fundal height or estimation of fetal weight by ultrasonographic methods have 
limited ability to predict fetal weight that are above 4000 grams. All methods suffer from 
false positive and false negative results (161, 163-168). There is some evidence that 
repeated ultrasonographic measurements may improve the predictive accuracy of fetal 
macrosomia (161, 163). The use of magnetic resonance imaging (MRI) of the body 
composition of the fetus may in the future become an alternative tool to estimate the fetal 
weight, but this needs further documentation (169, 170). A computerized combination of a 
number of risk factors together with ultrasonographic measurement of the fetal weight has 
also been suggested to improve the prediction of macrosomia (171).  
 
To conclude, clinicians still have inaccurate tools for estimating fetal weight (161). In the 
future, methods for birthweight estimation and prediction of fetal macrosomia need to be 
improved and validated to provide a higher degree of accuracy for this measurement. 
Reliable knowledge about the fetal weight will improve the ability to give qualified advice 
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during clinical decision making for example to women with a history of shoulder dystocia 
or women with diabetes regarding mode of delivery.   
 
Since we still are unable to make accurate estimates of fetal weight and to predict shoulder 
dystocia, health personnel in the maternity wards must constantly be prepared to resolve 
shoulder dystocia should the situation arise. Repeated emergency drills to ensure obstetric 
skills among midwife and obstetricians in maternity wards are absolutely necessary to 
resolve shoulder dystocia in the best way (88-90, 93). 
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7.0 CONCLUSIONS  
 
A history of shoulder dystocia increased the risk of shoulder dystocia in the second 
delivery as compared to women without such a history, and 7.3% of women with a history 
of shoulder dystocia experienced a new shoulder dystocia. The combination of a history of 
shoulder dystocia and high offspring birthweight in the second pregnancy conferred a high 
risk of recurrence. If the birthweight was low or normal, the risk of shoulder dystocia in the 
second delivery was low, regardless of a history of shoulder dystocia.  
 
High offspring birthweight was a major risk factor for shoulder dystocia and three quarters 
(75%) of all shoulder dystocia cases occurred in deliveries of offspring weighing more 
than 4000 grams. Parous women were at higher risk of shoulder dystocia compared to 
primiparous women, also after adjustment for offspring birthweight and other study 
factors. The positive association of birthweight with shoulder dystocia showed similar 
patterns across categories of parity, but at high birthweights parous women were at higher 
risk of shoulder dystocia than primiparous women.  
 
After adjustment for offspring birthweight there was a decreasing risk of shoulder dystocia 
with increasing pregnancy week. This finding was particularly pronounced in diabetic 
pregnancies. Consequently, postterm delivery is not an independent risk factor for shoulder 
dystocia. 
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